Abstract Wood frog Lithobates sylvaticus tadpoles develop in temporary wetlands where high population densities can force tadpoles into aggregations that intensify competition and can lead to cannibalism. However, chemical alarm cues released from injured conspecifics could also dissuade cannibalism. The purpose of this study was to test mechanisms that may influence cannibalistic behaviour. We tested whether the tendency of tadpoles to consume conspecifics would increase with the presence of competition and/or cues of profitable diets. Tadpoles placed in 1L experimental containers were tested for feeding initiation times of multiple diets, including conspecific tissues and conspecific tissues combined with chemical cues from the alternative diets (brine shrimp and cornmeal). Tadpoles were tested in the presence and absence of a competitor, and at multiple times over the course of the study. Tadpoles exhibited an altered response to diets over time; however the presence of a competitor reduced response times to all diets including conspecific tissues. Similarly, the presence of specific diets also reduced the response time of tadpoles to conspecific tissues. These results suggest competition among feeding tadpoles could result in aggressive behaviour leading to indiscriminate predation and cannibalism [Current Zoology 60 (5): 571-580, 2014 ].
Tadpoles are non-reproductive, continuously feeding stages of anurans (Audo et al., 1995) that have been described as being "essentially eating machines" Wells (2007) . Tadpoles often develop in wetlands of unknown duration and must be capable of rapidly adjusting to fluctuating conditions (Audo et al., 1995; Bleakney, 1958; Michel, 2012; Relyea, 2002 Relyea, , 2004 Wellborn et al., 1996) . Such ephemeral habitats are inherently unpredictable in terms of food quality and availability, population density, environmental conditions, and community composition (Babbitt and Meshaka, 2000; Bleakney, 1958; Newman, 1987; Wellborn et al., 1996; Wilbur, 1980) . Simply put, the potential combinations of hazards reducing tadpole survival in such habitats are numerous. Therefore, profitable resources should be exploited as rapidly as possible. However, tadpoles must also be discerning consumers, balancing the potential benefits of resource utilization with lurking risks (e.g., predation or injury, competition, disease, etc.) (Relyea, 2002 (Relyea, , 2004 Richter-Boix et al., 2007) .
Cannibalism is a relatively common and theoretically ideal diet by composition, which can potentially reduce competition. Cannibalism represents a highly profitable foraging strategy because conspecific tissues contain all essential nutrients, presumably in the appropriate proportions for growth and development (Greenstone, 1979; Meffe and Crump, 1987; Wildy et al., 1998) . Such a diet can improve growth, development, and/or survivorship of individuals experiencing dietary stress resulting from reductions in quality and/or quantity of dietary resources (Babbitt and Meshaka, 2000; Fox, 1975; Meffe and Crump, 1987) . Conversely, cannibals put themselves at risk of retaliation from their putative victims (McAdie and Keeling, 2000; Wildy et al., 2001) ; they may increase their risk of contracting disease (Bolkner et al., 2008; Parris et al., 2005; Williams and Hernández, 2006) , and can reduce their fitness by killing their kin (Fox, 1975; Wildy et al., 1998) . Additionally, chemical alarm cues released from injured conspecifics should trigger an innate anti-predator behaviour in proximal tadpoles, which could deter potential cannibals from feeding upon these tissues (Chivers and Smith, 1998; Ferrari et al., 2008; Moir and Weissburg, 2009) .
Wood frog tadpoles Lithobates sylvaticus are highly efficient predators upon vulnerable stages of numerous amphibian larvae including conspecifics (Petranka et al., 1994; Petranka et al., 1998; Petranka and Thomas, 1995) . However, wood frog tadpoles lack the specialized structures typically associated with highly carnivorous tadpole species (i.e. enlarged jaws, modified beaks and teeth, and shortened digestive tracts) and vulnerable conspecifics are increasingly capable of evading cannibalism over time (Crump, 1983; Petranka and Thomas, 1995; Wassersug, 1980; Wassersug et al., 1981) . Petranka and Thomas (1995) suggest that the evolution of explosive concurrent breeding among wood frogs may have been positively influenced by the efficiency of wood frog tadpoles to cannibalize vulnerable conspecifics. Indeed, synchronized explosive breeding can reduce the risk of cannibalism by limiting the differences in size and development between individuals (Crossland and Shine, 2011; Petranka and Thomas, 1995) . Additionally, food availability and conspecific density are influential factors to the expression of intraspecific aggression and cannibalistic behaviour (e.g. Collins and Cheek, 1983; Walls, 1998; Wildy et al., 2001 ). Babbitt and Meshaka (2000) suggest that cannibalism among free-feeding tadpoles is an adaptation to low food quality and/or food abundance rather than one of pond drying, due to the observation of prolonged larval development among tadpoles fed a high-quality diet and conspecific tissues. Individuals engaged in cannibalism are often older tadpoles that attack eggs and newly hatched larvae (Petranka and Thomas, 1995) . Bleakney (1958) observed cannibalism among similarly aged tadpoles where food resources had been otherwise depleted. It is unclear if cannibalism is primarily limited to opportunistic predation and/or under conditions of absolute necessity or whether other ecological mechanisms may influence the occurrence of this behaviour .
The goal of our study was to provide insights into the proximate causes of cannibalistic behaviour in larval amphibians. We set up feeding trials whereby the risks and energy expenditures of feeding were minimized and nutritional benefits of diets variable. We tested the relative feeding response of tadpoles to conspecific tissues and the proximate mechanisms that may encourage tadpoles to consume them. Specifically we tested the hypothesis that tadpole response to feeding upon conspecific tissues could be encouraged by the presence of specific dietary cues and competitors, and may change through ontogeny. Typically, exposure to injured conspecific tissues should elicit predator avoidance behaviour in tadpoles causing them to avoid feeding on these tissues. However, we predicted that the presence of competitors and/or chemical cues from profitable diets may alter the response of tadpoles to conspecific tissues, potentially encouraging them to feed on them more rapidly. Additionally, tadpoles may reduce their aversion to diets over time and thus initiate feeding more rapidly as a result of an ontogenetic change in feeding preference or acquired experience. Specifically we predict that tadpoles would initiate feeding most rapidly upon brine shrimp and much more slowly to conspecific tissues and cornmeal. The inclusion of brine shrimp cues should reduce the response time of tadpoles to initiating feeding upon conspecific tissues, while cues from cornmeal should not alter their response time. We predict that response times to all diets should decrease when tadpoles are tested with competitors and that response times should decrease for single and paired tadpoles across all diets through progressive test periods.
Materials and Methods

Field collections
Wood frog eggs were collected from multiple disjunct ephemeral wetlands near Dalmany SK, Canada (N 52°17.368′, W 106°52.639′). Egg masses were transported to the University of Saskatchewan, and maintained in four 38L glass aquaria filled with room temperature de-chlorinated water. Tadpoles in all stock aquaria were maintained at approximately the same densities, and all were within the range of natural population densities observed by Biesterfield et al. (1993) . While density was equally reduced in all aquaria throughout the experiment, the densities of tadpoles in each tank were consistently greater than 5/L.
Tadpoles maintained in stock aquaria received daily water changes and were fed immediately after all water changes were completed. Water quality (i.e. pH, NH 3 , NO 2 -, NO 3 -, Cl) of experimental containers was assessed a minimum of once a week within 24 hours of a feeding using commercially available aquarium test strips. Experiments were performed under a controlled 14:10h (light:dark) photoperiod. Mean (± SE) water temperatures for experimental containers were 17.4°C (± 0.2) through the course of the experiment. Prior to testing, tadpoles were fed an equivalent mixture of frozen brine shrimp and cornmeal by mass. Each diet was added individually with a 5min lag period between the addition of each diet, and the order in which each diet was delivered was rotated for each feeding to allow tadpoles to identify individual dietary cues and associate them with each diet.
Experimental procedures
Tadpoles in stock aquaria were maintained exclusively on a 1:1 mixture of brine shrimp and cornmeal by mass. However, tadpoles were observed to cannibalize conspecifics throughout the study in these stock aquaria. Tadpoles were fed for 3 days prior to initial testing to provide equal exposure to experimental diets and ensure all tadpoles had initiated free-feeding. Approximately 24 hours prior to testing tadpoles were haphazardly selected from among the four stock aquaria and transferred into a fifth, clean 38L glass aquarium. Putting tadpoles into a clean container without food was done to increase the motivation to feed in the subsequent experiment. Although tadpoles were not fed during this period their lower digestive tracts appeared partially filled with food and therefore they were not starved. Wood frog tadpoles are corprophagous and hence may have also been feeding upon deposited fecal material.
Five experimental diets were utilized to test the time it took tadpoles to initiate feeding: 1) a high protein diet (54.9% ± 1.6% dry protein) of frozen brine shrimp (BS); 2) a low protein diet (6.6% ± 0.2% dry protein) of cornmeal (CM); 3) a proxy cannibal diet of macerated conspecific tissues (CAN), which has similar protein content as BS (53.6% ± 1.6% dry protein); 4) macerated conspecific tissues combined with the chemical cues from frozen brine shrimp (CAN + BS cue) and 5) macerated conspecific tissues mixed with chemical cues from cornmeal (CAN + CM cue). Granules of CM were ground using a small electric food grinder producing variety in CM granule size from the typical ≤ 1mm granules to a fine powder. This was done to provide a viable food source that was widely available, and that would also have particulates that could be suspended, at least temporarily, in water and produce cues that could be detected by tadpoles. All estimates of dry protein content of diets were calculated by multiplying the %N values of dietary samples from a previous study by 6.25 as described by Sterner and Elser (2002) .
Conspecific tissues were produced by physically euthanizing tadpoles via pithing followed by rapid maceration of the tissues, which were subsequently sealed in food quality plastic containers and rapidly frozen and stored until required for testing purposes. Tadpoles used to produce these tissues were randomly selected from the general stocking tanks at various times throughout the experiment. This was done to ensure that conspecific tissues consisted of tadpoles at various stages of development over time, to ensure gut-loaded tadpoles had consumed a similar diet as tested tadpoles, and to provide a constant and relatively fresh source of tissues.
Chemical cues from BS and CM were produced by initially soaking 20 g of each diet in 250 mL of dechlorinated water for approximately 30min. This solution was subsequently filtered using a coarse porosity (25 μm particle retention) crepe fluted filter paper to remove all tissues thereby minimizing any potential nutritional enhancement from the addition of the cue solution to these two experimental diets of conspecific tissues. BS and CM were used as novel control diets of high and low quality, respectively. Conspecific tissues were used to test cannibalistic feeding, and chemical cues from BS and CM individually combined with conspecific tissues were used to test whether the presence of either of these dietary cues could influence tadpoles to initiate feeding upon an otherwise cannibalistic diet.
For each dietary treatment, 20 g of the respective diet was soaked in 250 mL of de-chlorinated water or a cue solution for a minimum of 10 min prior to testing. Each dietary treatment was tested on 25 replicates of individual tadpoles, and 25 pairs of tadpoles to observe the effects of the presence or absence of a conspecific on feeding. Tadpoles were tested at three different time periods, approximately 10 days apart. The initial testing period (Test 1) took place 3 days after the initiation of free-feeding in when tadpoles were at Gosner (1960) stage 25, the second testing period (Test 2) began when tadpoles were between stages 25-28, and the final testing period (Test 3) took place when tadpoles were between stages 30-32. This was done to determine if there was a temporal shift in feeding response as a result of an ontogenetic change in feeding or increased experience with the diet. Effects resulting from ontogenetic shifts should be minimized as all tadpoles were approximately within the same "pre-metamorphosis" phase of development Etkin (1968) . The order of treatment testing was assigned randomly and tadpoles were randomly selected for testing. Tadpoles, either individually (competitor absent) or in pairs (competitor present) were acclimated in 1 L containers for a minimum of 10 minutes prior to testing.
Introduction into a foreign habitat would inevitably create initial hesitation in tadpoles to initiate feeding. However, since tadpoles are continuous feeders and were limited in their feeding capacity for a period of 24 hours, feeding initiation times were used as a measure of tadpole willingness to feed in any given treatment combination. Dedicated 3mL syringes were filled with a specific experimental diet and slowly injected into the tadpole's container over approximately 5 seconds below the water's surface allowing dispersal of food and cues while minimizing disturbance to the tadpole(s). Diets were agitated immediately prior to filling syringes to ensure any putative cues were available in solution. After an experimental diet was injected, tadpoles were closely observed to identify their feeding initiation time; a maximum observation time was set at 20 min. Initiation of feeding was defined as the observation of tadpoles' active ingestion of visibly identifiable portions of food.
Where tadpoles were tested in pairs, the time it took for one of the two tadpoles to begin feeding was the recorded time. This testing procedure was developed in order to characterize the multiple factors that may influence the relative feeding disposition of tadpoles towards the experimental diets, while mitigating the probabilistic effects that necessarily accompany an increase in density. Tadpoles typically settled into resting positions near the surface of the water, or occasionally at the bottom of the containers by the end of the 10 min acclimation period. The experimental container was sufficiently large that tadpoles resting at the surface were separated from the injected food at the bottom of the container by a depth of approximately 82 mm (up to 20 times tadpole body length, depending on tadpole age). This meant that in the majority of cases tadpoles had to actively move to the food source to initiate active feeding. The relatively low container volume was selected to limit the dilution effect upon dietary and conspecific chemical cues, and foraging area was sufficiently small as to limit tadpole search period. Trials where the initiation of active feeding was inconclusive were repeated with new individuals. Tadpoles were never used in more than one trial, and each specimen was euthanized through submersion in a buffered overdose solution of MS-222 (tricaine methanesulfonate) immediately after each trial was completed.
Statistical analysis
A 2 × 3 × 5 factorial analysis of variance (ANOVA) was used to test for differences in feeding initiation times of tadpoles among the five experimental diets, for single and paired tadpoles, and among three testing periods. All pairwise comparisons were performed using post hoc Tukey HSD tests. Three separate one-way ANOVAs were used to further explore observed interaction terms between feeding diet and competitor presence at each of the three testing periods. Post hoc Tukey HSD pairwise comparisons were subsequently used where significant differences were observed. Subsequently, five two-way ANOVAs were performed to test the effects of density and testing period on the feeding initiation times of tadpoles fed each of the experimental diets. A conservative testing procedure was adopted where the experiment-wise error was corrected using the Holm-Bonferroni method (Marcus et al., 1976) , to reduce the risk of committing a type one error (Sokal and Rohlf, 1995) . Statistical outliers were removed where identified by the statistical software. All analyses were performed in Systat (Wilkinson, 1998) .
Results
Tadpoles in stock aquaria were casually observed to form large feeding aggregations around patches of food resources, often within 30 s of either diet being offered. Aggression was commonly observed among competing individuals, which on multiple occasions led to cannibalistic behaviour. Cannibalistic behaviour was initially observed in stock aquaria within 8 d of hatching, and within 2 days of initiating free-feeding, at stage 25 of development. The initial observation of cannibalistic behaviour involved a relatively larger individual attacking a smaller individual from above and behind. The victim was attacked from above, while feeding. The aggressor assumed a head-down position aimed at the victim and repeatedly bit near the dorsal posterior end of the victim's body propelling itself at the victim with thrusts from its tail. Additional tadpoles rapidly began joining the original aggressor in frenzied feeding upon the dead or dying victim. In the feeding melee up to five or six individuals were observed swarming the victim until the body was consumed. Similar observations were made at additional times throughout the study.
Throughout experimental testing, tadpoles exhibited significant difference in the time they required to begin feeding among the experimental diets (F 4,697 = 22.4; P < 0.001). Overall, tadpoles exhibited significantly slower mean (±SE) feeding initiation times when fed cornmeal (CM; 239.5 ± 17.8 s) than when provided any other diet (all P < 0.001). There was no difference in the overall mean (±SE) feeding initiation times among tadpoles provided frozen brine shrimp (BS; 115.6 ± 10.2), conspecific tissues mixed with brine shrimp chemical cues (CAN + BS cue; 105.5 ± 8.5 s), and conspecific tissues mixed with cornmeal chemical cues (CAN + CM cue; 127.6 ± 10.3 s) (all P > 0.5); nor was there any difference in overall times between tadpoles provided CAN (167.4 ± 14.1 s) or CAN + CM cues (P = 0.1). However, tadpoles fed BS and those fed CAN + BS cues both began to feed more rapidly than those fed CAN alone (both P ≤ 0.01). Additionally, tadpoles typically initiated feeding more rapidly overall when a competitor was present than they did when tested individually (F 1,697 = 51.8; P < 0.001; Fig, 1A , B, C).
Tadpoles also exhibited a significant difference in overall feeding initiation times among the testing periods (F 2,697 = 14.9; P < 0.001). Tadpoles exhibited significantly faster overall mean (± SE) feeding initiation in the final test period (Test 3: 117.1 ± 8.5s) than those in both the initial testing period (Test 1: 150.4 ± 9.2 s; P = 0.01) and the second testing period (Test 2: 183.4 ± 11.9s; P < 0.001). However, tadpoles tested at the second testing period required significantly longer to initiate feeding than tadpoles tested in the initial testing period (P = 0.03; Fig. 1D) .
Results of two-way ANOVA tests indicate the effect of a present competitor (PC) was typically, to significantly reduce response time of tadpoles relative to those fed in the absence of a competitor (AC). Significant reductions to overall mean (± SE) feeding initiation times were observed for tadpoles fed BS (F 1,142 = 11.9, P = 0.001), CM ( F 1,144 = 24.2, P < 0.001), and CAN ( F 1,141 = 31.7, P < 0.001). Tadpoles fed CAN + CM cue exhibited no significance difference between presence and absence of a competitor (F 1,144 = 24.2, P = 0.3), nor did tadpoles fed CAN + BS cue (F 1,144 = 3.2, P = 0.07; Fig. 1C ).Significant differences in mean (± SE) feeding initiation times were also observed among test periods for tadpoles fed BS (F 2, 142 = 6.6; P = 0.002), CAN (F 2, 141 = 6.6; P = 0.002), CAN + BS cue (F 2, 144 = 5.4; P = 0.005), and CAN + CM cue (F 2, 142 = 6.6; P = 0.002). No significant differences were observed among testing periods for tadpoles fed CM (F 2, 144 = 1.9, P = 0.1; Fig.  2) . No significant interaction terms were observed between tadpole density and test period for tadpoles fed any of the experimental diets (all P > 0.05).
One-way ANOVA testing indicated there was no significant differences in overall response times among tadpoles fed various diets at Test 1 (F 4,226 = 0.9; P = 0.5). However, significant overall differences were observed among experimental diets in Test 2 (F 4,241 = 9.5; P < 0.001) and Test 3 (F 4,236 = 11.5; P < 0.001). Pairwise comparisons of tadpole response times among diets in Test 2 indicate that tadpoles responded more rapidly to all diets relative to CM (all P < 0.001) except for CAN (P = 0.05). No other differences were observed in Test 2. In Test 3 tadpoles responded more rapidly to all diets relative to those fed CM (all P ≤ 0.01), and tadpoles fed BS responded more rapidly than those fed CAN (P = 0.04). A complete summary of mean (± SE) values of feeding initiation times among all combinations of treatments are provided in Table 1 . Significant interaction terms were observed among most of the tested independent variables. The most complex of these indicates that tadpole response to specific diets is dependent upon competitors and that this response differs depending upon the relative time period in which they are tested (diet × density × time period: F 8,697 = 3.7; P < 0.001; Fig. 1A, B) . Similarly, tadpole response to specific diets were not consistent through time (diet × time period: F 8,697 = 3.2; P < 0.005; Fig.  1D) , nor was the effect of competiton on tadpole response consistent among experimental diets (density × diet: F 4,697 = 4.1; P < 0.005; Fig. 1C ). However, overall tadpoles exhibited a consistent response to competition among testing periods. In other words the effects of density did not change significantly among testing periods (competitor x time period: F 2,697 = 2.0; P = 0.1; Fig. 2 ), this was shown again through multivariate testing (Hotelling-Lawley Trace: F 10, 278 = 1.4, P = 0.2).
Fig. 2 Comparison of mean (±SE) tadpole feeding initiation times between pooled values of individuals and pairs of tadpoles across experimental diets 3 Discussion
We demonstrate the plasticity inherent in the feeding responses of wood frog tadpoles. Such plasticity likely allows rapid adaptation to the varied ecological pressures of temporary wetland habitats (Faragher and Jaeger, 1998; Horat and Semlitsch, 1994; Relyea, 2004; Van Buskirk and Relyea, 2008) . Tadpoles appear to efficiently adjust their feeding response to specific conditions involving dietary quality, competition, and potentially conflicting information from chemical cues. Additionally, tadpoles appear to change their responses to diet cues over time, possibly as a result of experience and/or changes in tadpole size and morphology. These results provide insights into potential mechanisms that could increase cannibalistic tendencies within tadpole populations.
Cannibalistic behaviour observed in stock aquaria closely resembled observations in previous studies by Petranka and Thomas (1995) and Crump (1986) . Similar observations have also been described by Caldwell and Araújo (1998) 
from interspecific predation between
Dendrobates auratus (prey) and Rana warschewitschii (predator), and between D. castaneoticus (predator) and Epipdeobates femoralis (prey).
Relative responses of tadpoles generally conformed to those we expected for each of the experimental diets. Overall, tadpoles responded most rapidly to brine shrimp (BS), conspecific tissues combined with chemical cues from brine shrimp (CAN + BS cue), and conspecific tissues combined with chemical cues from cornmeal (CAN + CM cue), then conspecific tissues (CAN), and finally most slowly to cornmeal (CM). With regards to BS and CM the response of tadpoles to these foods may be, at least in part due to the protein content of each diet. McCallum and Trauth (2002) found that tadpole growth and development increased with increasing dietary protein. BS is much higher in protein than CM, and this may be detectable to tadpoles through chemical cues and/or may be more palatable to tadpoles. However, protein alone does not explain the relative response of tadpoles to the CAN diet. CAN has similar protein content as BS, and is overall a potentially ideal diet, therefore CAN should at worst illicit a similar response as BS. What we observed however was a response that was slower than tadpoles fed BS, but faster than those fed CM. This suggests that while the nutritional value of CAN yields some benefit that can be detected by tadpoles, it also yields some threat or indicator of threat (i.e. alarm cues) that is also perceived by tadpoles deterring them from responding as rapidly as they might otherwise. Tadpole response to these putative threats appeared to be mitigated by the presence of a competitor and/or cues from either a high or low protein diet.
Interestingly, while tadpole response time to the CAN + CM cues diet did not differ from tadpoles fed CAN tissues they were also no different from tadpoles fed BS or CAN + BS cues. Tadpoles responded the slowest to CM out of all the experimental diets, therefore it is unusual that the addition of cues from this diet would stimulate more rapid response times. However, since tadpoles fed CM did not respond favourably to this diet it is possible that tadpoles may be responding, in part, to the informational cues released from the conspecific tissues themselves. If tadpoles interpret these cues as an indication of threat from predation, then overall tadpole activity should be reduced as a method of predator avoidance (Ferrari et al., 2008) . However, Horat and Semlitsch (1994) found that risk of predation did not reduce feeding activity, and Bridges (2002) observed that while tadpoles reduce their overall activity in the presence of a predatory threat, they significantly increased their time spent feeding. Therefore, if such cues were interpreted as a threat, an optimal response of tadpoles would be to identify a food source and initiate feeding as rapidly as possible. Alternatively, tadpoles may interpret these cues as an indicator of increased competition; this should initiate a similar response to that of a present competitor (Jefferson et al., 2013) . This is supported in that tadpoles fed these diets did not significantly reduce their response time between trials in which tadpoles were tested individually or with a competitor. Jefferson et al. (2013) suggest tadpoles interpret repeated exposure to cues from injured conspecific tissues as an indicator of increased competition.
The reduction in feeding initiation times when a second tadpole is present can be interpreted in two ways: 1) tadpoles are responding to putative competition; or 2) tadpoles perceive an increase in safety from potential lurking predators from greater density. While this experiment was not designed explicitly to directly answer which condition tadpoles are responding to, the results suggest that tadpoles are responding to competition. If tadpoles were responding to an improved sense of safety with increased density we would expect that tadpole response times should improve in all instances when tested in pairs, however this does not occur when tadpoles were fed CAN + BS cue and CAN + CM cue. Additionally, wood frog tadpoles are not typically gregarious; Waldman (1984) indicated that wood frog tadpoles only form polarized schools where densities are high and they are forced to aggregate around dietary resources (Wells, 2007) . This suggests tadpoles should be more sensitive to the putative threat of competition than any potential benefit they may gain from increased density.
Overall feeding initiation times increased from Test 1 to Test 2 and decreased relative to both of the previous tests in Test 3. Results in Test 1 appear to represent the relative naïveté in early tadpole feeding and subsequent tests show a refinement in response to feeding conditions. This is supported by the analysis of overall feeding response within each test period; in Test 1 there was no overall difference in feeding initiation times among the proffered diets. These responses likely developed through the experiment as a result of ontogenetic changes (e.g. production of and/or sensitivity to informative chemical cues, increase size and mobility, etc.) and learned recognition of the inherent value of each diet and the risk of competition. Tadpole learning may have allowed them to tailor their responses over time to increase efficiency to each experimental situation. These results are consistent with learned foraging adaptations suggested by Peacor and Pfister (2006) . Peacor and Pfister (2006) observed intra-population size variation of tadpoles raised at high population densities resulted from phenotypic adaptations ('size-independent' factors) causing differences in foraging efficiency among individuals (Fuiman and Cowan, 2003) . The effects of these traits become increasingly pronounced over time causing size disparity among individuals within the population (Lomnicki, 1988; Peacor and Pfister, 2006; Uchmanski, 1985) . Schriever and Williams (2013) identified ontogenetic shifts in the trophic positioning and specialization of individual wood frog tadpoles through their larval development. The observed niche specialization may result from increasing differentiation in foraging success among individual tadpoles, which corresponds with what would be expected based on the results of Peacor and Pfister (2006) . Such phenotypic adaptations could be genetic or learned (Peacor and Pfister, 2006) . Boldness is a common risk-related personality trait with a genetic basis that can influence foraging behaviour and subsequently alter the growth of animals (Coleman and Wilson, 1997; Peacor and Pfister, 2006; Wolf et al., 2007) . In some species, or populations of species, boldness in a risky situation (e.g. threat of predation) is positively correlated with aggression towards conspecifics, including the development of cannibalistic behaviour (Bell and Stamps, 2004; Bourne et al., 2008; Huntingford, 1976) . Additionally, where such traits provide advantages to individual growth resulting in size variation, the potential for cannibalism may increase (Caldwell and Araújo, 1998; Crump, 1986; Faragher and Jaeger, 1998; Petranka and Thomas, 1995) .
Social behaviour may also influence the tendency of cannibalism among tadpoles. Black (1970) indicated that cannibalistic tadpoles of Spea bombifrons were only observed where tadpoles were feeding in large aggregations. The author concluded that schooling behaviour was a form of protection against cannibalism. Conversely, Pfennig (1992a, b) suggested schooling may have encouraged opportunistic cannibalism in response to the dense aggregation of prey (Wells, 2007) . Wood frog tadpoles rarely aggregate, except where high population densities force them to congregate in large numbers around food sources (Waldman, 1984; Wells, 2007) . Tadpoles often exhibit aggressive behaviour to secure advantage in interference competition; such behaviour could escalate to cannibalism where tadpoles are aggregated around food sources (Faragher and Jaeger, 1998; Gromko et al., 1973; Savage, 1952; Waldman, 1984; Wells, 2007; Wilbur, 1977) . The results of this study are consistent with previous observations that cannibalism is influenced by high population density and highlight the plasticity of wood frog tadpoles in their feeding response (Fox, 1975; Polis, 1981; Polis and Myers, 1985) . The presence of dietary cues and/or the presence of competition may encourage tadpoles to feed more rapidly and with less discrimination. In the context of high population density such responses provide mechanisms that may account for increased aggression among conspecifics. Aggression can escalate to cannibalism where tadpoles are forced into large feeding aggregations and intense competition. Additionally, where such predation occurs, it appears to be immediately followed by frenetic feeding by large numbers of conspecifics possibly in response to cues released from the injured tadpoles (Crump, 1986; Petranka and Thomas, 1995) .
The results of this study support our hypothesis that tadpole response to feeding upon conspecific tissues can be encouraged by the presence of chemical cues of dietary resources and/or the presence of a competitor. Additionally tadpoles exhibited changes in their responses to diets over time, suggesting either a learned response and/or an ontogenetic shift to individual diets. These results provide putative mechanism for density dependent cannibalism that is often observed among larval amphibians (e.g. Collins and Cheek, 1983; Walls, 1998; Wildy et al., 2001) . Such an innate sensitivity to competition may lead tadpoles to aggressive encounters where intraspecific predation is a possible outcome. Ontogenetic shifts towards consuming conspecific tissues at later developmental stages may act to encourage the predation of larvae from late breeding individuals by established larvae as observed by Petranka and Thomas (1995) . Such behaviour would limit population density, provide a profitable diet to established larvae, and may largely remove the offspring of late breeders, which are unlikely to be kin to the older tadpoles.
